A better understanding of the flow inside the multi-stage turbomachines will be very useful to both the designer and operator. The numerical calculation for single blade row has been well established with the time marching computation of the Navier-Stokes equations. But there will exist much more difficulties for the multi-blade rows due to the rotor-stator interaction. The major problems are related to the unsteady flow which will inevitably exist in the blade passages due to the different rotating speed and possible the different in blade number. A method is presented for simulating various turbine blade rows in single-stage environment. A solver has been developed for studying the complex flow analysis of 'proposed high pressure turbine' (HPT) using quasi-3-D Reynolds-averaged Navier-Stokes (Q3D RNS) equations. The code achieves good quality solutions quickly even with relatively coarse mesh sizes. The work is first validated both with UTRC's and Zeschky and Gallus' subsonic turbine test cases covering inlet boundary conditions and Reynolds-averaged values. A H-type grid is adopted as it is easy to generate and can readily extend to 3D application. When rows are closely spaced, there can be a strong interaction which will impact the aerodynamic, thermal and structural performance of the blade.
INTRODUCTION
Many modern turbomachinery blade failures are attributed to high vibratory stresses arising from the interactions between rotating and stationary blade rows where the flow is very complex and often simplifying assumptions are needed to enable modeling to be more tractable. It is essential that the consequences of these assumptions are assumed by evaluation of models so that they can be used with confidence in their strengths and limitations to exploit design freedoms in practical applications.
Many reports are available for single row calculation (Ng, 1996) ; but only few works on blade rows *Corresponding author. Tel." (65) 799-1453. Fax: (65) 791-1859. E-mail: Arts, 1984; Koya et al., 1985;  Denton, 1990; Rai, 1990) .
As suggested by Denton and Singh (1979) , the basic assumption is that the real unsteady flow experienced by the two blade rows in relative motion can be approximated by the steady flow obtained when the flow field at this axial station between the two rows is circumferentially averaged to avoid any possible inconsistent perturbation. Thus, the scope of the present paper is to explore how a single blade row Q3D RNS solver (Ng, 1994) could be deployed in a machine environment to provide useful and cost effective tools in a deeper understanding of the flow mechanism of loss production and of turning. This will be followed by a detailed description of the numerical procedure and the current capabilities of the solver are assessed by comparing the numerical results with high quality data from well-documented experiment by Gallus et al. (1995) and Dring et al. (1982) of the flows for subsonic turbine stages respectively. for single row prediction as described in Ng (1994 Basically the boundary conditions include inlet, exit, solid surface and periodic boundary conditions. The periodic conditions are imposed on the blade-to-blade upstream of the leading edge and downstream of trailing edge to ensure the circumferential periodicity of the cascade. The total pressure, the total temperature and two flow angles are to be specified at the inlet boundaries for stator/rotor respectively. Outlet boundary condition is one of the most crucial condition to specify for the static pressure. The stator flow is considered in absolute co-ordinate system and rotor flow considered in relative coordinate system fixed to rotating blade. The flow variables at the downstream end of the stator are obtained by equating to those of rotor inlet located at the same axial position and the values at the upstream end of the rotor are obtained from those of stator outlet. The numerical boundary conditions described before include these two sets of interrow physical boundary conditions and their derivation are given in the Appendix.
SAMPLE APPLICATIONS: SINGLE-STAGE AXIAL TURBINES
A sample of results is presented in this paper for various turbine geometries. The first experimental data were obtained in a subsonic axial-flow turbine stage with untwisted blades of Technical University Aachen, Germany, and were fully reported by Gallus et al. (1995) . In the stator, the 'Traupel' profile was used whereas the rotor consists of modified VKI-profiles. All experimental data is normalised with respect to the International (1982) The agreement on the suction surfaces in particular for the rotor are deteriorated as the degree of agreement between the calculation and the Dring's experimental data is primarily determined by the choice of model for transition with effect of free-stream turbulence. No transition model is used in the current code and the flow is assumed turbulent throughout the passage without taking account for the level of free stream turbulence. Whereas, the rotor, being behind the stator, is often in a high turbulence environment.
Finally, the solver is further being used on the 'proposed HPT'. A combination of design information and measured data for this 'proposed HPT' has been used to define the boundary conditions. The geometry of midspan stator and rotor blades and the grid configurations are shown in Fig. 8 . The dimensional data of the blades are listed in The current analysis can also be used to predict turbine heat transfer reasonably well. The NS analysis have the ability to calculate the heat transfer even with a flow separation. Figure 11 shows the predicted Stanton numbers (St= klOT/Oy]w/[(pU)inCp(T(n-Tw)]) for stator/rotor of 'proposed HPT'. Higher order of turbulence model together with transition criterion should be used to obtain a better heat transfer rate calculation.
CONCLUDING REMARKS
Sample calculation of the current Q3D RNS solver has been outlined for various axial flow complete turbine stages, with emphasis on viscous effect. The code can also be applied to investigate other types of axial machines such as compressor and pump. Some numerical errors in regions of very high gradients, such as the leading edge together with H-grid, are to be expected. The effect of these errors, however, is local and the gross features of the flow are correctly predicted. 
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